Anorexia nervosa is an eating disorder characterized by a fear of weight gain and a preoccupation with body image. Although hepatic involvement has been reported in patients with anorexia nervosa, the mechanismis not fully understood. Wedescribe a patient with anorexia nervosa with liver function abnormalities. Light and electron microscopic observations revealed a remarkable accumulation of glycogen in hepatocytes. These results suggest that adaptive responses to starvation mayalter carbohydrate metabolismin patients with anorexia nervosa. (Internal Medicine 37: 678-682, 1998) 
Introduction
Anorexia nervosa is an eating disorder characterized by a fear of weight gain and a preoccupation with body image. Hepatic function abnormalities have been reported in association with anorexia nervosa (1) . However, the precise mechanism of liver injury in this disorder is not fully understood (2) .
In the present report, we describe a patient with anorexia nervosa in whomliver function abnormalities were noted, and unusual glycogen accumulation was demonstrated in liver parenchymal cells by electron microscopy.
For editorial comment, see p 652.
Case Report
A 22-year-old Japanese womanwas admitted to our hospital because of unusual weight loss and liver function abnormalities in February 6, 1997. In 1996, at the age of 21, she had complained of appetite loss and vomiting after meals. However, she restricted her food intake and had bulemic symptoms. Her body weight decreased from 52 kg to 40 kg over a period of 2 months, and she developed amenorrhea. She consulted a psychiatrist, abnormal liver function test was noted, and she was admitted to our hospital. She denied alcohol abuse, and except for a purgative (magnesium oxide) she did not use any drug. On physical examination, she was emaciated, with a height of 153 cm andbody weight of29.5 kg. The pulse rate was 50/min, the blood pressure was 100/70 mmHg,and the body temperature was 34°C. Neither anemia nor jaundice was observed. No abnormal eardiopulmonary findings and no localizing neurologic signs were noted. Results of hematologic, biochemical, and endocrine examinations are shown in Tables 1  and 2 , including a serum alanine aminotransferase concentration of 803 U/Z and a serum aspartate aminotransferase concentration of 1,142 U/Z. Assays for IgM class anti-hepatitis A antibody, hepatitis B virus surface antigen, anti-hepatitis B core antibody, anti-hepatitis C antibody and anti-nuclear antibody were all negative. After admission, vomiting or bulemic behavior were not observed. She was treated with psychotherapy and oral (1,000 kcal/day) and parenteral (800 kcal/day) nutritional therapy, and the liver function abnormalities gradually improved ( Fig. 1) . A liver biopsy was performed to determine the precise etiology of the liver function abnormalities at 18 days after admission after written informed consent. The specimen revealed minor abnormalities, but clear hepatocytes were observed. Neither inflammatory nor fatty infiltrates were observed. Periodic acid-Schiff staining showed abundant glycogen deposition in hepatocytes (Fig. 2) . Electron microscopy demonstrated a remarkable accumulation of glycogen particles in hepatocytes. Swelling of hepatocytes was inconspicuous. The density of intracellular organelles, such as mitochondria and rough and smooth endoplasmic reticulum, was quite low (Fig. 3A, B ). Glucose tolerance test (Table 3 ) and glucagon infusion test (Table 4 ) revealed no abnormality. Parenteral nutritional therapy and individual psychotherapy were conducted for 40 days. Her weight increased to 34 kg, and the parenteral nutritional therapy was discontinued. She was subsequently followed in our outpatient clinic.
Discussion
The present patient was diagnosed with anorexia nervosa, binge-eating/purging type, according to the criteria of DSMIV (3). Physical complications of anorexia nervosa are common and sometimes life-threatening. Hepatic function abnormalities in patients with anorexia nervosa have been reported (1 , 4) . However, a clear association between liver injury and anorexia nervosa has not yet been established (2) . Furthermore, there is little information about liver histology in patients with anorexia nervosa (2, (5) (6) (7) (8) . In the present case a markedelevation in serumtransaminaseconcentrations was noted before hospitalization. A liver biopsy was performed on the 1 8th day of hospitalization to determine the etiology of the liver injury, after parenteral nutritional therapy (800 kcal/day) had been initiated. Light microscopy showed only clear hepatocytes. Previous studies described that malnutrition induced fatty changes or non-specific periportal inflammatory infiltrates (5, 7). Neither inflammatory nor fatty infiltrates were observed in the liver of the present patient. Periodic acid-Schiff staining showed accumulation of glycogen in hepatocytes. Electron microscopy showed marked accumulation of glycogen throughout the cyto- reported a case of anorexia nervosa with severe hypoglycemia and death, in that case stainable glycogen was not observed in the liver at autopsy (8). Webber and Freiman have reported that glycogen was abundant and scattered fairly uniformly throughout the cytoplasm in hepatocytes in 15 of 22 patients with kwashiorkor on electron microscopic observation (6). Adaptation to starvation mayspare glucose utilization and stimulate reported by Ratcliffe and Bevan (8) . Pancreatic involvement has been reported, but is uncommon in patients with anorexia nervosa and the precise mechanisms are not known (1, 2) . The present patient has no symptomand abdominal echogram revealed no abnormality. Hyperamylasemia in patients with anorexia nervosa is often caused by increased salivary-type amylase activity ( 1 3). However, serum concentrations of amylase (p-amylase), lipase and elastase 1 were elevated before the hospitalization. Because the abnormalities improved after initiation of the parenteral nutritional therapy, malnutrition may cause pancreatic injury in the present patient. The majority of the reported cases had inconclusive evidence for acute pancreatitis (2), but physicians should be careful to monitor serumamylaseconcentrations in patients with anorexia nervosa. Elevation of the serum concentration ofcreatine kinase (CK) wasnoted, but no clinical symptom was observed. The causes of myopathic abnormalities in patients with anorexia nervosa could include vitamin deficiency, electrolyte imbalance, excessive exercise, protein-energy malnutrition, or combination of these (14) .
In conclusion, a patient with anorexia nervosa in whom glycogen accumulated in liver parenchymal cells is described.
